the strong coupling limit a bound on n(0) which grows with the sggare root of g'. We now wish to argue that this behavior for large g' is in fact plausible for the true rr(0) and that our bound is therefore a good one, apart from constant factors, in the limit of large g'.
Here the effective potential, including the centrifugal barrier term, is V,tr ---(}/r) e-& "+ Ln(n+1)/r'j. With the aid of some operator algebra the Lippmann-Schwinger integral equations for three-body transition amplitudes are recast in a form which involves two-body transition operators rather than two-body potentials. These equations, which are uncoupled and apply to all channels, are ideally suited to be the basis for approximation schemes, of the impulse approximation type, which have the distinctive feature of preserving unitarity. Two such approximations are described. With either of these as the leading term, a method of successive approximations is developed which yields an expansion for the exact amplitude whose convergence properties are expected to be considerablyimproved over the usual Born and multiple-scattering expansions. At high energies and low momentum transfers we obtain a unitary version of the strip approximation. Here the integral equation is quite tractable and represents the nondispersion-theoretic analog of multiparticle /l//D techniques which have been applied recently to Ar-/V and s.-/V reactions.
i. INTRODUCTION ' 'N a previous paper' we have formulated a scheme for -calculating three-body scattering amplitudes which generalizes the well-known impulse approximation by taking into account the constraints imposed, by unitarity; effectively, one has summed an infinite set of diagrams of the impulse approximation type. A generalized. /V/D procedure was employed, in a model in which the incident particle interacts with only one of the target particles. An alternative to the X/D procedure which is in fact much more convenient and direct, particularly when none of the two-body potentials are ignored, will be described here. We again obtain amplitudes which satisfy a generalized unitarity relation which, however, can be derived without reliance on the multiple scat- 
The relation G;; = G.+G.T;,G. will be useful in the following. It will be convenient to introduce, in addition, the operators 6, de6ned, e.g. , by means of eigenfunction expansions which we indicate schematically as We consider a model in which three distinguishable, spinless particles interact by means of two-body local, central potentials. The T-matrix elements of interest
(2.9) 3 G. Feinberg and A. Pais, Phys. Rev. 131, 2724 (1963) . 8 G. F. Chew and S. C. Frautschi, Phys. Rev. 123, 1478 (1961 .
aker and R. Elankenbecler, Phys. Rev. 128, 415 (1962) .
The similarity between the Baker-Blankenbecler theory and our unitary impulse approximation is not surprising since both are Here the sum over states, symbolized by S, is an appropriately weighted integration over momentum variWe should, for completeness, display the boundary conditions satisfied by the wave functions +p(+). In the interest of brevity we do not do so here (see, however, Ref. 13).Information concerning the momentum variables needed to complete the definition of the channel wave functions is assumed to be absorbed in the channel indices. We shall at times write C (~t o make this more explicit.
(2.10) is evidently the difference between the true amplitude and a disconnected part which describes the process in which particles 2 and 3 interact and particle 1 is free. No such disconnected, part can exist, for energy conserving reactions, if particles 2 and 3 are bound in initial or final states so that' It will be helpful in the following to have at our disposal an operator identity which has previously appeared (in perhaps slightly altered form) in the literature. ' A brief derivation is included here for the reader' s convenience. Consider a scattering system whose state vector 0'(+) satisfies the Lippmann-Schwinger equation 
obviously holds since both bracketed terms vanish.
The identity we seek is obtained by rewriting Eq.
(2.20) in the form which can be obtained directly from the integral equations which def(ne 9"".Alternatively, Eq. (3.10) can be inferred from the unitarity conditions for the scattering amplitudes, viz. ,
The symbol Sr, introduced previously in Eq (2.9), . The simplifying feature of our approximation, Eq. (3.1), is the presence of the operator G, which is essentially a two-body propagator; the (2,3) bound system behaves kinematically as a single particle. Thus, V', (') is determined by a two-body equation, of the Lippmann-Schwinger type, in which v, appears as an "optical potential. " Of course, we still must determine v,.
Short of solving the integral equations for 7, exactly, we expect that this approach will be most useful when multiple scattering effects are unimportant, so that r =T12+T18. Equation (3.1) then leads to a summation of an infinite subclass of terms which are iterations of the basic impulse approximation amplitude. Ke shall have more to say about approximations for 7-" in the following.
It is interesting to observe that with the aid of a method proposed by Feinberg and Pais' in connection with their peratization theory, the approximation described above can be exhibited as the leading term in an iteration scheme to determine the exact operator It is, of course, just the presence of bound states which casts doubt on the validity of this type of expansion, and which would favor the use of the integral equations we have described to sum infinite subclasses of terms.
B. Separable Potential Model
As an alternative to the above procedure we now describe an approximation scheme based on the intro- (3 18) where the use of a lower case e is meant to indicate that e23 operates in a space of two particles while V23 operates in a three-particle space. The transition operator f23') is easily constructed. Since we are concerned with a three-body problem, we state the result in terms of the corresponding operator T23('). %e find that T»" (E) (327) jV jV r2(s) = Trs(sl+Tr (slG&(sl& (sl (3.28) (s) - T (sl+T (slG (s)&~isl ( 3 29) so that an approximation to the operator r"can be constructed by solving two-body integral equations with relatively simple inhomogeneous terms. When all three particles are identical, the integral equations become particularly simple in form; they in fact reproduce a model introduced recently by Amado, " as we have shown. " The use of separable potentials to simplify the three-body equations has been discussed previously by Mitra" from a different point of view.
C. Unitary Strip Approximation
A study of the three-body problem in the approach described here should be of some value even when the "R.D. Amado, Phys. Rev. 132, 485 (1963) .
'3 L. Rosenberg, Phys. Rev. 134, 8937 (1964) . 's A. N. Mitra, NucL Phys. 32, 529 (1962 Consequently, we omit from our sum of graphs all those which involve heavy particle transfer, as in Fig. 1(b) . Furthermore, the Born term, Fig. 1(a) , is dominated by singularities in the exchange momentum transfer variable u= {k, +t M/(m+M))kr}' close to the physical threshold 10=0.In the domain of interest, namely, k;=k~and k,'))e, I will be large. We therefore omit this graph (and iterations of it) from our sum; the general term in this diagrammatic expansion will in the form of a chain, each link of which is of the type shown in Fig. 1(c (3.45) where the v;; are the remaining scalar variables needed to specify the amplitude completely, and assume that the representation
